Two P1 differentiated substrates (P1-Asn and P1-Asp) were compared. Blank entries (-) designate no observable hydrolysis. Standard errors calculated from three measurements were below 15%. Substrates contained Asp in the P1 position. The optimal pH for legumain cleavage at Asp was 4.5, and pH for caspases was 7.4. Blank entries (-) designate no observable hydrolysis.
Standard errors calculated from three measurements were in the range of 5-15%. demonstrate that legumain specificity is not pH-dependent. Probe Legumain Overlay β-tubulin 1 2 3 4 5 6 7 L 1 2 3 4 5 6 7 1 2 3 4 5 6 7 L 1 2 3 4 5 6 7 1 2 3 4 5 6 7 L 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Leg-lysis SDS-lysis Leg-lysis SDS-lysis Leg-lysis SDS-lysis SDS-lysis
MP-L01
MP-L01
MP-L02
MP-L03 Substrates contained Asp in the P1 position. The optimal pH for legumain cleavage at Asp was 4.5, and pH for caspases was 7.4. Blank entries (-) designate no observable hydrolysis.
Standard errors calculated from three measurements were in the range of 5-15%. Inhibition rate constants of MP-L01, MP-L02, MP-L03 and biotin-6-ahx-DEVD-AOMK (DEVD) towards recombinant legumain (R&D Systems) using Z-Ala-Ala-Asn-AMC as substrate.
Supplemental Experimental Procedures Reagents
All chemicals and reagents were purchased from commercial suppliers and used without further purification. All chemicals used for the solid-phase peptide synthesis have peptidegrade purity. All amino acids, Fmoc-6-ahx-OH and biotin were purchased from Iris Biotech
GmbH ( biotin-labeled activity based probes were purified by HPLC on a Waters M600 solvent delivery module with a Waters M2489 detector system using a semi-preparative Waters Spherisorb S10ODS2 column and semi-preparative Discovery® C8 HPLC column (particle size 10 µm). The solvent composition was as follows: phase A (water/0.1% TFA) and phase B (acetonitrile/0.1% TFA). The purity of each compound was confirmed by analytical HPLC system using a Waters Spherisorb S5ODS2 column and analytical Discovery® C8 column (particle size 5 µm). The molecular weight of each peptide, substrate and biotin-labeled activity based probe was confirmed by high-resolution mass spectrometry on High Resolution
Mass Spectrometer WATERS LCT premier XE with Electrospray Ionization (ESI) and Time of Flight (TOF) module.
Synthesis of a tetrapeptide P1-Asn combinatorial fluorogenic substrate library.
The P1-Asn library consisted of three sublibraries: Ac-P4-mix-mix-Asn-ACC, Ac-mix-P3-mix-Asn-ACC, Ac-mix-mix-P2-Asn-ACC (where mix is a equimolar mixture of 19 natural amino acids where cysteine was omitted and methionine was replaced by norleucine, and P4, P3, P2 contained defined natural amino acids (cysteine was also omitted)). The P1-Asn library was synthesized on a solid support using a NH 2 -Rink Amide Resin. Preparation of Fmoc-ACC-OH was performed as described previously according to Maly et al. (Maly et al., 2002) and the library synthesis was carried out in a similar manner as described in Poreba et al. (Poreba et al., 2014) . The only exception was that Asp was replaced by Asn at the P1 position.
Cloning, expression and purification of human legumain.
A full length cDNA clone was used. Design and synthesis of legumain-specific substrates.
The broad legumain substrate specificity profile obtained through HyCoSuL profiling was compared to caspase specificity profiles described previously by Poreba et al. (Poreba et al., 2014) . The detailed analysis of these specificity matrixes allowed selecting for the best amino acid candidates (for each position P4, P3, and P2) and synthesizing of legumain tetrapeptide P1-Asp specific substrates. The 2.5eq Fmoc-P2-OH was preactivated with 2.5eq HBTU and 5eq DIPEA in DMF and added to cartridge with 1eq NH 2 -Asp(tBu)-ACC-resin (around 100 mg) and followed by gentle agitation for 2h. Then the mixture was filtered and washed three times with DMF. The Fmoc-protecting group was removed using 20% solution of piperidine in DMF (three cycles: 5, 5, and 25 min). Ninhydrin test was carried out each time after amino acid coupling and Fmoc deprotection. NH 2 -P2-Asp(tBu)-ACC-resin was obtained. Next, a solution of 2.5eq Fmoc-P3-OH, 2.5eq HBTU, and 2.5eq DIPEA in DMF was added to the resin and the slurry was agitated for 2h. After this time, the solution was removed, the resin was washed three times with DMF, and the Fmoc group was removed as described in previous step. The coupling of Fmoc-P4-OH was carried out in the same manner (coupling and deprotection). Finally, the free N-terminus was protected with an acetyl group using 5eq CH 3 COOH, 5eq HBTU, and 5eq DIPEA in DMF. The acetylation reaction was carried out for 1h. After solvent removal, the resin was washed three times with DMF, three times with DCM and three times with MeOH. Next, the resin was dried over The legumain assay buffer (pH 5.8) was described above. The caspase assay buffer was 10% w/v sucrose, 20 mM Pipes, 10 mM NaCl, 1 mM EDTA and 10 mM DTT, pH 7.2-7.4 (the buffer for caspase 8, 9, and 10 was supplemented with 1.0 M of sodium citrate to ensure maximal enzyme activity). All buffers were prepared at 23°C, and the assays were performed at 37°C. Caspase 3, 6 and 7 were preincubated for 15 min and caspase 8, 9, and 10 were preincubated for 30 minutes 37°C before adding to the wells containing substrate. The substrate hydrolysis reaction time was 10-30 min. Enzyme kinetic assay conditions were as follows: 100 µL total reaction volume, substrates were used in eight different concentrations ranging from 0.05 to 500 µM, and enzymes were used at appropriate concentrations to were added. The reaction was carried out at -10°C for 45min. In a parallel experiment, diazomethane was generated according to the Aldrich Technical Bulletin (AL-180) protocol.
Next, the solution of mixed anhydrides was added dropwised to the ethereal diazomethane (16.6-21.4 mmol) at 0°C. The mixture was stirred for 10 min, and after this time the ice bath was removed and the reaction was carried out for 2hat room temperature. To obtain Boc-LAsp(Bzl)-CH 2 Br, 15 mL of a 1:2 solution of HBr (30% wt. in CH 3 COOH) and water was added dropwised to the mixture over a period of 10 min. Immediately after, the mixture was diluted with ethyl acetate, transferred to a separatory funnel and extracted with water (once), saturated aqueous NaHCO 3 (twice) and brine (twice). The organic fraction was dried over MgSO 4 and evaporated under reduced pressure. The product was obtained as a pale yellow oil and used for the synthesis without further purification. The product purity determined by HPLC was > 90%, and the overall yield was > 85%. In the next reaction, 1 eq of Boc-LAsp(Bzl)-CH 2 Br was dissolved in a small volume of DMF, followed by the addition of KF (3 eq) and 2,6-dimethylbenozic acid (2,6-DMBA) (1.2 eq). The mixture was stirred for 25min in inert atmosphere of argon. After the reaction was completed (HPLC analysis) the solution was diluted with ethyl acetate, transferred to a separatory funnel, and extracted with 5% of citric acid (twice), 5% of aqueous NaHCO 3 (twice) and brine (twice). Next, the organic fraction was 
